The Copaifera langsdorffii Desf. seedlings, popularly known as "copaiba" or diesel tree, present a natural occurrence in the riparian forests of the Brazilian Cerrado, however, not much is known about their capacity to recover from flooding, particularly when the focus is on their establishment and use in programs for the recovery of degraded areas near watercourses and subject to flooding. The objective of this study was to evaluate over time the recovery of the efficiency of the photosynthetic apparatus and the antioxidant activity of C. langsdorffii seedlings flooded during different periods. The pots with the seedlings were placed in a plastic tank and submerged with water, and were removed from the flood condition every 21 days (0, 21, 42, 63 and 84 days), and evaluated every 30 days (0, 30, 60, 90 and 120 days). The seedlings tolerated the flooding for up to 42 days, recovering after suspension of this condition. Seedlings flooded for 63 and 84 days showed lower recovery capacity after flooding, independently of the evaluation period. Under these conditions, lower efficiency of the photosynthetic apparatus, gas exchange, photo assimilate production and seedling quality were observed.
of the groundwater level in the rainy periods of the year, is a determining factor for the success of the recovery actions of this type of ecosystem. Although several variables are used to measure the plant's capacity to tolerate a stress condition due to flooding, most reforestation works in areas subject to flooding are based only on botanical surveys, while the correlations between stress and the physiological and metabolic responses are still underexplored [3] [4] [5] .
Plants subjected to flooding may respond differently to this situation, depending on their intensity and duration, but some adaptation strategies are known, for example, changes in the relations of gas exchange, such as increased stomatal conductance, the reduction in photosynthesis, changes in transpiration rate and in water use efficiency that may remain even with the end of the stressful condition. In addition, changes in the photosynthetic apparatus and protection mechanisms associated with the activity of antioxidant enzymes also stand out [6] [7] [8] [9] .
Copaifera langsdorffii Desf. seedlings, popularly known as copaiba or diesel tree, were the object of this study, and despite this species having a natural occurrence in the riparian forests of the Brazilian Cerrado, not much is known about its recovery capacity from flooding, particularly when the focus is on their establishment and use in programs for the recovery of degraded areas close to the watercourses, thus subject to flooding. Therefore, this study aimed to evaluate over time the recovery of the efficiency of the photosynthetic apparatus and the antioxidant activity of C. langsdorffii seedlings flooded during different periods, type styles are provided throughout this document and are identified in italic type, within parentheses, following the example. Some components, such as multi-leveled equations, graphics, and tables are not prescribed, although the various table text styles are provided. The formatter will need to create these components, incorporating the applicable criteria that follow.
Materials and Methods
The study was carried out in the Plant Nursery of the Faculty of Agrarian Sciences of the Federal University of Grande Dourados (UFGD), in the municipality of Dourados MS, during the months of November 2015 and May 2016. Copaifera langsdorffii Desf. seedlings with 90 days after emergence were used.
The experiment was conducted in a completely randomized, 5 × 5 factorial design, with 5 flood periods (0, 21, 42, 63 and 84 days) and 5 recovery times (0, 30, 60, 90 and 120 days) with four replicates. The experimental unit consisted of a pot with two seedlings each, a total of 8 plants.
In order to simulate flooding, the pots with the seedlings were placed in a plastic tank and submerged with water depths at a height of 2.0 cm from the substrate level and were removed from the flooding condition every 21 days (0, 21, 42, 63 and 84 days), and evaluated only after the suspension of the flooding every 30 days (0, 30, 60, 90 and 120 days after the suspension of the flooding). During the recovery time, the irrigation control was individualized using the gravimetric method, so that every two days the seedlings were irrigated with enough water to reach 75% of the water retention capacity of the system [10] .
The substrate used to fill the 6-liter pots consisted of a mixture in equal volumes of Bioplant use efficiency (IWUE) were determined using the infrared gas analyzer (IRGA), ADC, model LCi PRO. The evaluation was performed using four seedlings per treatment, in the morning, between 08:00 and 11:00 h, in fully expanded leaves that were previously marked, and all measurements were performed on the same leaves, and only the data measured under a photosynthetic photon flux (PPF) higher than 700 mmol•m −2
•s −1 was considered. The number of leaves were also evaluated, whereas the leaf area was measured using a LI-COR ® area meter, model LI 3100; the Dickson Quality Index (DQI) [11] and, finally, the activity of the antioxidant enzymes superoxide dismutase and peroxidase in plant tissues of leaves and roots were also evaluated according to the methodology described by
Broetto [12] .
Temperature and relative humidity data during the experimental period were obtained from the Embrapa Agropecuária Oeste Meteorological Station, in Dourados MS (Figure 1 ). For the analysis of the results, the statistical program SISVAR 5.6 [13] was used and the data were submitted to analysis of variance and adjusted by regression equations, when F-test at 5% significance level.
Results
There was a significant interaction (p < 0.05) between the flooding period and the recovery time for all the characteristics, except for the leaf water potential were higher during the recovery period, particularly at 0, 30 and 120 days of recovery ( Figure 6(d) ).
The C. langsdorffii seedlings showed a gradual increase of the leaf area during the recovery period, except for the seedlings that were flooded for 84 days. The values were more expressive in the seedlings flooded for 42 and 63 days, particularly after 90 days of recovery (Figure 7(a) ).
Regarding the number of leaves (Figure 7(b) ), the lowest value was 6.01 
Discussion
In the leaves of seedlings of Copaifera langsdorffi Sp. the minimum values for the water potential (Ψw) depending on the period of flooding and the recovery assessment periods (Figure 2 ) are less than-1.5 MPa, which is considered a critical threshold for the development of plants and that may have affected negatively the photosynthesis by the end of the experimental period (Figure 3(a) ).
Such Ψw values are considered critical to the development of woody species of the Brazilian Cerrado, affecting various physiological processes, which can compromise the growth and productivity of the species [14] langsdorffii. Lonchocarpus sericeus (Poir.) Kunth ex DC, when subjected to flooding for 60 and 90 days, for example, presented a reduction in stomatal conductance and an increase in the internal carbon concentration, and consequently a decrease in the photosynthetic rate [5] .
The values for intrinsic water use efficiency (IWUE) were also higher in the C. langsdorffii seedlings flooded for 42 days, indicating that this condition was the most favorable for the maintenance of the gas exchanges of these plants, since the photosynthetic rate remained high even with reduction of stomatal conductance (Figure 4(d) ). The maintenance of high IWUE values during the recovery of the seedlings after flooding reinforces the fact that seedlings tolerate flooding for approximately 40 days, since the increasing in this parameter leads to greater capacity of the plants to establish themselves and survive in stress environments [23] [24] .
Concerning the variables related to chlorophyll a fluorescence ( Figure 5 ), it is observed that, regardless of which one is analyzed, there was a very distinct difference, mainly after 60 days of recovery, in seedlings flooded for up to 42 days and seedlings flooded for more than 63 days. It is known that the reference values for the potential quantum efficiency of photosystem II (F V /F M ) oscillate between 0.750 and 0.850 [25] when the reaction centers of photosystem II are intact, however, such values are subject to a variation margin, which depends, among other factors, on the species under study, on its physiological mechanisms and on its growth site [26] [27] . On the other hand, much lower values, such as those observed for C. langsdorffii seedlings flooded for a longer period of time ( Figure 5(a) ), are suggestive of the occurrence of photoinhibitory damage to the reaction centers of photosystem II, which implies, as previously observed, in sharp decreases in photosynthesis. Similar results were observed in Populus deltoides W. Bartram ex Marshall, with significant decreases in F V /F M and photosynthetic rate in severe flooding conditions (140 days) during winter time [28] .
Similarly, very sharp reductions in the maximum efficiency values of the photochemical process in photosystem II (F V /F O ) also confirm losses to the photosynthetic apparatus of the plants. This relationship, since it is an indicator more sensitive to the changes in functionality of photosystem II, is used to amplify the small variations detected in the F V /F M [29] . The reference values for F V /F O reflect that the maintenance of the adequate state of functionality of the reaction centers of photosystem II is between 4 and 6 [30] . In this study, the average values observed for non-flooded (and, theoretically, not stressed) plants were located in a zone inferior to the reference values, suggesting, first, that the species has a different reference margin than the one conventionally adopted. In a second analysis, it was observed that C. langsdorffii seedlings flooded for 42 days also non-flooded and flooded seedlings for 42 days were also distant from the reference margin, however, this difference was significantly greater in seedlings flooded for more than 63 days, whose results were close to 0.50 at 120 days of recovery ( Figure 5(c) ), indicating damages in photosystem II, which reflected the low rates of photosynthesis for these conditions throughout the evaluations. The average reference values for this characteristic are between 0.14 and 0.20 and several authors suggest that the increase in this relation is indicative of stress [30] .
Regarding the activity of the superoxide dismutase in the foliar and root tissues of the C. langsdorffii seedlings (Figure 6 (a) and Figure 6(b) ), it can be observed that, although they presented similar results, particularly in those seedlings flooded for 42 and 84 days throughout the experiment, the differences were more expressive in the leaves than in the roots, which allows to infer that this enzyme assumes different functions in different organs or cell compartments of the plants with different routes to the best adaptation to the environment [31] [32]. In the seedlings flooded for 42 days, it was observed that the enzymatic activity was more intense soon after the removal of the flooding condition suggesting a protective adaptation to this type of stress, which is confirmed, over time, The chlorophyll values of seedlings flooded for 63 and 84 days also decreased during the whole recovery period (Figure 7(c) ), a direct expression of the damages caused by flooding, since conditions of water stress can favor the reduction of the contents of the photosynthetic pigments due to the oxidative damages they cause [36] . However, it is important to note that leaf yellowing (chlorosis), a characteristic sign of chlorophyll degradation, was not observed, therefore, the decrease of chlorophyll contents in the flooded seedlings for a longer period of time was a direct response to the decrease in the metabolism of these plants, which consequently, synthesized fewer of these pigments.
Regarding the Dickson quality index (DQI), it was observed that, in general, the flooded leaves for 84 days had the lowest values for this characteristic throughout the recovery period and, in the other conditions, the values were increasing over time (Figure 7(d) ). Although the observed values for all treatments were higher than the recommended minimum of 0.20 [11] , it is known that higher DQI values indicate better seedling quality, allowing to infer greater robustness and adequate distribution of biomass in the seedling, factors that help in determining the recovery of these plants after stress caused by flooding [37] [38]. Such information, added to the others already discussed in this study, corroborate the idea that C. langsdorffii seedlings flooded for long periods have its metabolism damaged and consequently its growth, failing to recover when compared to non-flooded ones, or those flooded for a shorter period of time.
Conclusions
Copaifera langsdorffii Desf. seedlings tolerate flooding for up to 42 days, recovering after removal of flooding condition, all the evaluated characteristics, which represent a characteristic pattern of stress, reaching values similar or superior to those of non-flooded seedlings.
Seedlings flooded for 63 and 84 days showed lower recovery capacity after flooding, regardless of the evaluation period. Under these conditions, lower effi-
